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1.0  Introduction:  Study Context and Purpose 
Ocean Renewable Power Company, LLC (ORPC) deployed a TidGen® Power System in 
outer Cobscook Bay, Maine, as the first stage of the Cobscook Bay Tidal Energy Project 
(CBTEP) (Figure 1).  This installation requires monitoring to assess potential effects of 
the TidGen® Power System on the marine environment.  ORPC’s marine life monitoring 
plan has two parts: 1) Fisheries Monitoring and 2) Marine Life Interaction Monitoring. 
 
 
Figure 1. Cobscook Bay Tidal Energy Project location map and TidGen® device drawing (CBTEP Fisheries 
and Marine Life Interaction Plan, 2012).  The yellow icon represents the location of the TidGen® device.  
The grey icons represent potential TGU locations to complete an array in the future. 
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2.0  Fisheries Monitoring (down-looking hydroacoustics)  
The Fisheries Monitoring Plan is a continuation of research started by the University of 
Maine’s School of Marine Science researchers in 2009.  The study was designed to 
capture annual, seasonal, tidal, and spatial variability of fish presence in the area of 
interest (near the TidGen® deployment site).  The design involves down-looking 
hydroacoustic surveys during several months of the year, and examines the relative 
density and vertical distribution of fish at the project site and a control site.  Pre-
deployment data were collected in 2010, 2011, and early 2012, and post-deployment 
data were collected from August 2012 through September 2013 (August 2012 through 
June 2013 are reported here).  Data from the project site were compared to the control 
site to quantify changes in fish presence, density, and vertical distribution that may be 
associated with the installation of the TidGen® power system.  ORPC plans to conduct 
surveys through the year 2017. 
2.1  Methods 
2.1.1 Study design 
Down-looking hydroacoustic surveys were conducted from an anchored research vessel 
for one 24-hour period several times per year at a project site (CB1) and a control site 
(CB2) (Table 1, Figure 2).  During the time when the complete TidGen® (bottom support 
structure and the dynamic turbine) was in the water (from here on referenced as 
"deployment"), three sites were sampled:  two at the project location (CB1a, beside the 
turbine, and CB1b, in line with the turbine) and one at the same control site (CB2) 
(Figure 2).  Sampling locations at the project sites in 2012 varied geographically because 
of construction activities and related safety concerns around the TidGen®.  January and 
March 2012 were pre-deployment surveys, so only CB1 and CB2 were sampled.  In 
January, CB1 was only sampled for 12 hours due to unsafe weather conditions.  There 
was no November 2012 survey because the dynamic part of the TidGen® was removed 
for maintenance at the time. 
The down-looking surveys were carried out using a single-beam Simrad ES60 
commercial fisheries echosounder, with a wide-angle (31° half-power beam angle), 
dual-frequency (38 and 200 kHz) circular transducer.  The transducer was mounted 
over the side of the research vessel 1.8 meters below the surface, and ensonified an 
approximately conical volume of water extending to the sea floor.  Current speed was 
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measured every half-hour of each survey using a Marsh-McBirney flow meter (May 
2011 to May 2012) or a Workhorse Sentinal Acoustic Doppler Current Profiler (ADCP) 
(June 2011 onward).  A 300 kHz ADCP was used in 2011 and 2012, and a 600 kHz 
ADCP was used in 2013.  Every 30 minutes, the ADCP operated for 1 minute, recording 
mean current speed in 1 m depth bins from 3 m below the surface to the sea floor.   
 
Table 1.  Months sampled for Fisheries Monitoring Plan (down-looking hydroacoustics).  1 and 2 indicate 
sampling at CB1 and CB2, respectively; 1a, 1b, and 2 indicate sampling at CB1a (beside), CB1b (in-line), 
and CB2 (control), respectively.  Light gray indicates presence of TidGen® bottom frame only; dark gray 
indicates presence of complete TidGen®. 
 
Year Jan Feb Mar April May June July Aug Sept Oct Nov Dec 
2010     1, 2   1, 2 1, 2 1, 2 1, 2  
2011   1, 2  1, 2 1,2  1, 2 1, 2  1, 2  
2012 1, 2  1, 2  1a, 1b,  2 2  1a, 1b, 2 1a, 1b, 2    
2013   1a, 1b, 2  2 2       
 
 
 
 
Figure 2.  Fisheries Monitoring Plan study area and down-looking hydroacoustic survey locations for 
2010-2013. CB1 and CB2 are indicated by dashed ovals.  CB1a and CB1b are indicated by small round 
points.  CB1 current directions are averages provided by Ocean Renewable Power Company. 
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The single-beam transducer was used to obtain an index of fish density, which allowed 
us to examine changes in fish density over time.  This relative measure was also used to 
assess vertical distribution of fish throughout the water column.   
Comparisons of fish density and vertical distribution were made among the control site 
and project site(s) and among different months at each site.  Sampling before and after 
turbine deployment at the project as well as at a control site improves the ability to 
distinguish changes that may be related to the presence of the turbine from changes due 
to annual, seasonal, daily, and tidal variation.  These methods are consistent with a 
before-after-control-impact (BACI) study design. 
2.1.2  Data processing 
Hydroacoustic data were processed using Echoview® software (5.3, Myriax Pty. Ltd., 
Hobart, Australia), and statistical analyses were carried out in R (2.15.2, R Core Team, 
Vienna, Austria).  The data collected at the 200 kHz frequency were used in analyses.  
Processing included scrutinizing the data and manually removing areas of noise (e.g., 
from electrical interference, a passing boat’s depth sounder, high boat motion, or 
interference from the ADCP).  Hydroacoustic interference from entrained air was 
common in the upper 10 m of the water column, so the top 10 m of the water column 
were excluded from analyses.  Weak hydroacoustic signals, such as plankton, krill, and 
fish larvae, were excluded by eliminating backscatter with target strength (TS) less than 
-60 dB.  Most fish have TS between -60 dB and -20 dB but TS varies greatly with fish 
anatomy and orientation (Simmonds and MacLennan 2005).  This variability, combined 
with the TS uncertainty inherent in single beam systems, means that some fish with TS 
higher than -60 dB were likely excluded from analyses (Simmonds and MacLennan 
2005).   
In March and June of 2013, some weak background noise from electrical interference 
could not be eliminated using the -60 dB threshold.  Echoview’s background subtraction 
tool (based on the algorithm developed by de Robertis and Higginbottom, 2007) was 
used to remove this interference. 
Because flowing tides were the focus of this study, hydroacoustic data during slack 
tides were not included in analyses.  Slack tides were defined as the hour centered at 
the time of low or high water.  The time of low and high tide was determined using the 
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depth of the bottom line detected in Echoview.  Thirty minutes to either side of these 
time points was then removed from the hydroacoustic dataset.   
Fish density was represented on a relative scale using volume backscattering strength, 
Sv, which is a measure of the sound scattered by a unit volume of water and is assumed 
proportional to density (Simmonds and MacLennan 2005).  Sv is expressed in the 
logarithmic domain as decibels, dB re 1 m-1.  The vertical distribution of fish throughout 
the water column was examined using the area backscatter coefficient, sa, which is the 
summation of volume backscatter over a given depth range and is also proportional to 
fish density (Simmonds and MacLennan 2005).  sa is expressed in the linear domain 
(m2·m-2) and is additive.  
The inspected and cleaned hydroacoustic data were divided into 30-minute time 
segments, which were large enough to minimize autocorrelation but maintain variation 
in density that occurred over the course of each survey.  Echoview was used to calculate 
the mean Sv of the entire water column for each 30-min interval.  Then, for each interval, 
sa was calculated for 1-m layers of water.  Layers were measured upward from the sea 
floor, rather than downward from the surface, because the turbine is installed at a fixed 
distance above the bottom (the top of the turbine is 9.6 m above the sea floor).  By 
calculating the proportion of total water column sa contributed by each 1-m layer of 
water, the vertical distribution of fish was constructed for each 30-min interval.   
2.1.2 Statistical analyses 
To examine annual, seasonal, tidal, and spatial variability of fish density in the area of 
interest, comparisons of water column fish density index (SV) were made using 
permutation ANOVAs (R package lmPerm; Wheeler 2010), followed by nonparametric 
Tukey-type multiple comparisons  to determine significant differences (R package 
nparcomp; Konietschke 2012).  Five questions were asked:   
1) Inter-annual variability:  was fish density constant across years?  We tested the 
effect of year on fish density in outer Cobscook Bay, combining data for all sites. 
2) Beside vs. in-line with the turbine:  were densities similar at the two project sites 
(CB1a and CB1b)?  We tested the effect of site on mean water column SV for 
surveys in which CB1a and CB1b were both sampled (May, August and 
September 2012, and March 2013).    If CB1a and CB1b have similar fish densities, 
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they may be grouped for comparison to CB1 surveys carried out in previous 
years.  
3) Project site vs. control site:  is fish density similar at CB1 and CB2, and is CB2 
therefore a useful control site?  To validate the utility of CB2 as a control site, 
differences between the project site (CB1) and control site (CB2) were evaluated 
using month and site as factors. 
4) Seasonal variability:  is there a consistent seasonal pattern to fish density in outer 
Cobscook Bay?  The effect of month on fish density was tested, combining data 
for CB1 and CB2.   
5) Did deployment of the TidGen® affect fish density at the project site (CB1)?  
Results from the tests in (2) were used to compare differences before and after 
device deployment.   
The vertical distribution of fish was compared between sites within each survey, with 
the goal of detecting differences potentially related to the presence of the turbine.  To 
test the similarity of two distributions, one was fit to the other with linear regression.  
Similar vertical distributions were indicated by a significant fit (significance level of 
0.05) and a positive slope.  Negative slope or insignificant fit indicated dissimilar 
distributions.  If distributions at the project and controls sites were similar before the 
turbine was installed, differences afterward may indicate an effect of the turbine on 
how fish use the water column (e.g., avoidance of the depths spanned by the turbine).  
Differences between CB1a and CB1b may also indicate behaviors altered by the 
turbine’s presence. 
2.2  Results  
2.2.1 Relative fish density 
1) Inter-annual variability:  was fish density constant across years?  Fish density (mean 
water column Sv) changed significantly each year.  Density was significantly higher in 
2010 and 2012 than 2011 and 2013 (Figure 3).  Because of these differences, years were 
analyzed separately in subsequent statistical analyses. 
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Figure 3.  Water column Sv for all years sampled (CB1 and CB2 data pooled together).  Bold horizontal 
line indicates the median, box spans the interquartile range, and whiskers extend to the 5th and 95th 
percentiles.  Significantly different groups are indicated by letters a and b.  (*) In 2013, only March, May, 
and June have been analyzed. 
 
 
2) Beside vs. in-line with the turbine:  were densities similar at the two project sites 
(CB1a and CB1b)?   There were no differences in fish density (total water column Sv) 
between CB1a and CB1b (Figure 4).  As such, we grouped these two sites as CB1 in 
further analyses of water column Sv.   
 
Figure 4.  Water column Sv at CB1a, CB1b, and CB2 surveys in 2012 and 2013.  Bold horizontal line 
indicates the median, box spans the interquartile range, whiskers extend to the 5th and 95th percentiles.   
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3) Project site vs. control site:  is fish density similar at CB1 and CB2, and is CB2 
therefore a useful control site?  In each year, fish density varied significantly with 
month (Figure 5).  Site had a significant effect on fish density in 2011, meaning density 
was greater at CB2 when data from all surveys were grouped together.   However, 
within surveys (months), densities at CB1 and CB2 were not significantly different.  The 
interaction of site and month significantly affected fish density in 2010 and 2012, 
indicating that site had a different effect on density in the different months.  Multiple 
comparisons showed that fish density was significantly different at CB1 and CB2 in 
September 2010 and in March and August of 2012, but that there was no effect of site in 
the other surveys.  Interaction effects could not be tested in 2013 since CB1 was only 
sampled in only one of three months.   
 
Figure 5.  Water column Sv at CB1 (which includes CB1a and CB1b data) and CB2.  Bold horizontal line 
indicates the median, boxes span the interquartile range, and whiskers extend to the 5th and 95th 
percentiles.  Asterisks indicate significant differences between CB1 and CB2.  † indicates surveys when 
only ebb tide data were sampled; ‡ indicates surveys when only daytime was sampled. Yellow hatched 
box indicates surveys when the TidGen® bottom frame was present on the seafloor; red hatched boxes 
indicate when the TidGen® turbine was also present.  The turbine was braked (present but not spinning) 
starting mid-April until it was removed in July. 
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4) Seasonal variability:  is there a consistent seasonal pattern to fish density in outer 
Cobscook Bay?   Results of multiple comparisons indicated highest fish densities in May 
and June, followed by November (Figure 6).   
 
Figure 6.  Water column Sv for all surveys (CB1 and CB2 data pooled together).  Bold horizontal line 
indicates the median, box spans the interquartile range, and whiskers extend to the 5th and 95th 
percentiles.  Significantly different groups within each year are indicated by letters a through d (group a is 
the highest, d is the lowest).   
 
5) Did deployment of the TidGen® affect fish density at the project site (CB1)?  A 
significant difference between CB1 and CB2 was found only in the August 2012 survey, 
when CB2 had a higher density index (water column Sv) than CB1 (Figure 5).  A similar 
difference was seen in March 2012, when the turbine’s bottom support frame was 
deployed. 
2.2.2 Vertical Distribution 
 
Significant differences were only found between sites CB1 and CB2 in May 2011, CB1 
and CB2 in March 2012, CB1a and CB2 in May 2012, CB1b and CB2 in May 2012, and 
CB1a and CB1b in March 2013 (Figure 7). 
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Figure 7.  Mean proportion of Sa contributed by each layer of the water column.  All layers analyzed are 
shown for each site (0-15 m above the bottom at CB1, 0-26 m above the bottom at CB2).  Whiskers are one 
standard error.  Depth of turbine is indicated by horizontal dashed lines.  Yellow hatched areas indicate 
when the bottom support frame was deployed at the project site; red hatched areas indicate when the 
turbine was also present.  Significantly different distributions between sites are indicated by letters "a" 
and "b" in the upper right of the graph.   
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3.0  Marine life interaction monitoring (side-looking hydroacoustics) 
The Marine Life Interaction Monitoring Plan uses side-looking hydroacoustics collected 
by ORPC at the TidGen® project site to assess the interaction of marine life (fish, 
mammals, and diving birds) with the TidGen® device.  This monitoring focuses on the 
behavior of marine life (primarily fish) as they approach or depart from the region of 
the turbine, to document variation in behavioral responses related to the TidGen® unit.  
ORPC plans to collect side-looking hydroacoustic data for three years after the 
deployment of the TidGen® Power System. 
3.1 Methods 
3.1.1  Study design 
ORPC has mounted a Simrad EK60 split beam echosounder (200 kHz, 7° half-power 
beam width) to a steel frame located 44.5 m from the southern edge of the TidGen® 
(Figure 8).  This frame holds the transducer 3.4 m above the sea floor, with the 
transducer angled 9.6° above the horizontal with a heading of 23.3°.  The echosounder 
samples an approximately conical volume of water extending for 100 m, directly 
seaward (southeast) of the TidGen® device (Figure 8).  The actual sampled volume used 
in data analysis does not include the entire beam.  The sampled volume extends to the 
far edge of the turbine (78.1 m), not beyond because after that point, interference from 
sound reflection off the water’s surface becomes too great to reliably detect fish.  The 
sampled volume is upstream of the device during the flood tide (examining approach 
behaviors) and downstream of the device during the ebb tide (examining departure 
behaviors).   The echosounder is powered and controlled via undersea cables from the 
ORPC shore station in Lubec, where data files are stored on a server and collected 
periodically by the University.   
When operational, the echosounder records data continuously.  Continuous data 
collection at a sample rate of 4 to 6 pings per second allows each fish or other marine 
animal that passes through the beam to be detected several times, recording 
information on the echo strength and 3D location of targets within the beam (Figure 9).  
These data are used to track fish movement during their approach to the turbine (flood 
tide) as well as during their departure (ebb tide) on a fine spatio-temporal scale.  The 
sampled volume is divided into three zones:  the turbine zone (red hatched area, Figure 
8a), where fish would be likely to encounter the moving turbine; above the turbine zone 
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(A, Figure 8a); and beside the turbine zone (B, Figure 8a).  Fish numbers and movement 
in each zone provide indicators of turbine avoidance.  The total sampling volume to 
78.1 m range (for a 7° hydroacoustic cone) is 1,866 m3, and of this, 607m3 (33%) are 
within the turbine zone, 345 m3 (18%) are beside the turbine zone, and 914 m3 (49%) are 
above the turbine zone.   
 
 
 
Central Axis
Major Axis
Transducer
(a)
3.4 m
5.5 m 
9.6 m 
B
A
Flood
Ebb
North
Main flow direction
Central Axis
Minor Axis
(b)
9.6 m 
6.6 m 
12.4 m
8.1 m
 
 
 
Figure 8.  Marine Life Interaction Monitoring Plan setup.  TidGen® device and Simrad EK60 support 
structure shown from (a) the seaward side and (b) above.  Hydroacoustic beam represented as 7° cone 
(half-power beam width) in solid black lines.  Red hatched area indicates sampled volume within the 
turbine zone, A indicates the volume sampled above the turbine, and B indicates the volume sampled 
beside the turbine.  Current directions shown are project site averages provided by ORPC. 
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Figure 9.  (a) Sample of side-looking hydroacoustic data from 9/30/2012 during the flood tide. (b) Fish in 
red dashed oval in (a) tracked through beam cross section.  Outer circle represents 3.5° off-axis, or 5.3 m 
at this range.  Each dot is a single detection of the fish.  Red dashed arrow indicates direction of 
movement. 
 
ORPC also collected current speed, direction (intermittently; see section 3.1.2), turbine 
movement in rotations per minute (RPM), and turbine operation state (generating or 
not).  
3.1.2 Data Availability 
Data collection began on August 29, 2012.  Data could not be collected while the turbine 
was generating power due to electrical interference between the data and power 
transmission cables running together along the seabed to the shore station.   Therefore, 
hydroacoustic data have been collected only for periods of time when the turbine was 
not rotating (either during slack tides when the current was too weak, or when the 
brake was applied), or when it was free-spinning (rotating but not generating power).    
Gaps also exist in the dataset whenever the turbine or hydroacoustic system was being 
repaired or adjusted, during periods of turbine deployment or removal, and whenever 
divers were present near the echosounder.   
Collection of current speed and direction data by sensors mounted on the TidGen® 
Power System frame has been intermittent.  For times when data are available, current 
direction is not useful for fish behavior analysis due to the placement of ORPC’s flow 
meters, which are oriented to collect information in the plane parallel to the TidGen®.  
At times, ORPC has collected current speed and direction information with an Acoustic 
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Doppler Current Profiler (ADCP) placed approximately 4.6 m from the turbine, 
between the turbine and hydroacoustic transducer.  This ADCP would operate for 
various lengths of time (spanning days), obtaining current speed and direction readings 
every second.  When ADCP deployment overlaps with hydroacoustic data collection, 
the information may be used to analyze fish swimming direction and speed in relation 
to the current. 
Given these constraints to data collection and availability, three subsets of the data 
collected since August 2012 were analyzed for this report (Table 2).  The first two 
subsets spanned March 19th to 21st and April 18th to April 20th, when ORPC ceased 
normal power generation to allow continuous hydroacoustic data collection with the 
turbine free-spinning.  These dates were chosen because there were nearly two 
complete tidal cycles during each day and night.  While a free-spinning turbine does 
not have the same hydraulic signature as one generating power, these data should 
provide a better idea of fish behavior around an operating turbine than data collected 
while the turbine is held stationary by its brake.  Current speed and RPM (range 8.22-
16.73) data were available for these time segments.  More free-spinning data collection 
periods had been planned for May, June, July, and August 2013; however, unforeseen 
circumstances caused turbine operation to cease in April 2013, just after the free-
spinning data presented here were collected.  The turbine brake was then applied and 
the turbine held motionless until it was removed in July 2013. 
Hydroacoustic data collection continued after the turbine brake was applied, so a third 
time period was selected from these data for comparison to the free-spinning datasets 
from March and April.  This ‘braked’ dataset spans April 26th to April 28th.  These dates 
were chosen for comparison because they were the closest data available to the April 
free-spinning period that had similar timing of tides (e.g., nearly two complete cycles 
during each day and night).  Current speed data were not available for this time, 
however, and were instead estimated using previous current speed data (see section 
3.1.3).  
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Table 2.  Summary of data subset analyzed to date.  
Data subset Tidal stage 
Start 
Date 
Start 
time 
End 
time 
Mean current 
speed (m·s-1) 
Duration 
(hrs) 
Mean turbine 
rotation speed 
(rpm)* 
March  
Free-spinning 
Ebb 3/19/13 17:00 22:20 0.82 5.33 11.80 
Flood 3/19/13 23:15 4:50 0.91 5.58 12.95 
Ebb 3/20/13 5:50 10:40 0.86 4.83 13.52 
Flood 3/20/13 11:40 17:20 0.93 5.67 13.28 
Ebb 3/20/13 18:20 23:20 0.81 5.00 11.95 
Flood 3/21/13 0:20 5:30 0.99 5.17 15.05 
Ebb 3/21/13 6:30 11:40 0.86 5.17 8.22 
Flood 3/21/13 12:40 18:30 0.95 5.83 ‒ 
Ebb 3/21/13 19:30 0:30 0.85 5.00 ‒ 
Flood 3/22/13 1:30 7:00 1.01 5.50 ‒ 
Ebb 3/22/13 8:00 13:00 0.95 5.00 ‒ 
April  
Free-spinning 
Ebb 4/18/13 5:00 10:20 0.94 5.33 15.82 
Flood 4/18/13 11:20 16:40 1.02 5.33 16.24 
Ebb 4/18/13 17:40 22:40 0.84 5.00 ‒ 
Flood 4/18/13 23:40 4:50 1.03 5.17 16.24 
Ebb 4/19/13 5:50 11:15 0.91 5.42 15.24 
Flood 4/19/13 12:15 17:30 1.01 5.25 16.22 
Ebb 4/19/13 18:30 23:40 0.86 5.17 14.51 
Flood 4/20/13 0:40 6:00 1.01 5.33 16.73 
April  
Braked 
Flood 4/26/13 7:00 12:00 1.22* 5.00 0.00 
Ebb 4/26/13 13:00 18:20 1.24* 5.33 0.00 
Flood 4/26/13 19:20 0:15 1.22* 4.92 0.00 
Ebb 4/27/13 1:15 6:45 1.24* 5.50 0.00 
Flood 4/27/13 7:45 12:45 1.22* 5.00 0.00 
Ebb 4/27/13 13:45 19:05 1.24* 5.33 0.00 
Flood 4/27/13 20:05 1:55 1.22* 5.83 0.00 
Ebb 4/28/13 2:55 7:35 1.24* 4.67 0.00 
* Turbine rotation speed while free-spinning is faster than rotation speed during normal operation. 
 
3.1.3  Data processing and analysis 
Echoview software (5.3, Myriax Pty. Ltd., Hobart, Australia) was used to process side-
looking split beam hydroacoustic data.  Processing in Echoview began with manually 
inspecting the data to identify and exclude unwanted noise (e.g., interference from 
depth sounders, entrained air from the surface, reflection from surface waves, reflection 
  
17 
 
from fish schools), and setting a target strength threshold of -50 dB to exclude 
background noise, plankton, and other small objects from analyses.  Target strength 
(TS) is a measure of the relative amount of acoustic energy reflected back toward the 
transducer by an object, compensating for transmission and signal losses and 
represented in decibels  (dB re 1 m2; Simmonds and MacLennan 2005).  Though TS is 
dependent on several factors, including fish anatomy (e.g., swim bladder or none) and 
orientation relative to the transducer, it is generally proportional to fish size (Simmonds 
and MacLennan 2005).  A threshold of -50 dB should eliminate most fish less than 8.7 
cm in length (Lilja et al. 2004), assuming they have air-filled swim bladders (e.g., 
Atlantic herring).  For fish lacking a gas-filled swimbladder, such as Atlantic mackerel, 
this threshold may eliminate larger fish to an unknown degree.  
Echoes from single targets were then detected, excluding data collected beyond 78.1 m 
from the transducer (far edge of the turbine) due to frequent interference from the 
surface.  Single target detection parameters (Table 3) were set liberally to allow a large 
number of single targets to be detected among the noise, though this also allowed more 
false detections to occur.  Echoview’s fish tracking module was then used to trace the 
paths of individual fish through the sampled volume.  Fish track parameters (Table 4) 
were chosen to limit the effect of false single target detections on the number of detected 
fish.  Fish track data (including time of detection, target strength, and direction of 
movement) were exported from Echoview to be further analyzed using MATLAB.   
 
 
Table 3.  Single target detection settings in Echoview. 
Parameter Value Units 
Target strength threshold -50.00 dB 
Pulse length determination level 6.00 dB 
Minimum normalized pulse length 0.24 Unitless 
Maximum normalized pulse length 10.00 Unitless 
Beam compensation model Simrad LOBE  
Maximum beam compensation 35 dB 
Maximum standard deviation of minor-axis angles 1.000 Degrees 
Maximum standard deviation of major-axis angles 1.000 Degrees 
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Table 4.  4D fish track detection settings in Echoview. 
  Major Axis Minor Axis Range 
Algorithm Alpha 0.5 0.5 0.7 
 Beta 0.1 0.2 0.1 
 Exclusion distance (m) 2.25 2.25 0.2 
 Missed ping expansion (%) 0 0 100 
Weights Major axis 0   
 Minor axis 0   
 Range 1   
 TS 0   
 Ping gap 0   
Track Acceptance Min number single targets in track 5   
 Min number of pings in track (pings) 5   
 Max gap between single targets 8   
 
In MATLAB, fish tracks that had been contaminated by false single targets were 
removed based on track properties, including minor and major axis angle, tortuosity, 
and change in depth and range (Table 5).  These settings helped eliminate fish tracks 
affected by noise from the turbine and other environmental factors.  However, one 
effect of the turbine that could not be removed without drastically limiting the dataset 
was its apparent masking of weaker fish echoes within its range (i.e., between 44.5 and 
78.1 m from the transducer; Figure 8).  This masking is apparent in the distribution of 
fish track TS from beside the turbine and within the turbine’s range (Figure 10).  As 
weaker fish tracks were not detected in the range of the turbine, the numbers of fish 
detected on either side of the turbine were likely to be inflated with respect to numbers 
of fish detected within the turbine zone or above it, and included more of the weaker 
echoes (e.g., smaller fish).   
 
Table 5.  Fish track acceptance parameters used in MATLAB processing. 
Fish track property 
Value required for  
track acceptance 
Minor axis angle  < 3.0° 
Major axis angle  < 3.0° 
Change in range  > 0.05 m 
Change in depth  > 0.05 m 
2D and 3D tortuosity  < 5.0 
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Figure 10.   Target strength (TS) distribution from before the turbine range (< 44.5 m from transducer) and 
within the turbine range (> 44.5 m and < 78.1 m from transducer). 
 
Accepted fish tracks were grouped by tidal stage for analysis of target strength and 
direction of movement.  Flood and ebb tide data were treated separately because a fish’s 
approach to the turbine is sampled during the flood and its departure from the turbine 
is sampled during the ebb, and behaviors during each are assumed to differ (Viehman 
2012; Viehman and Zydlewski accepted). 
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3.1.5 Fish density and location of tracks 
The total number of fish tracks detected in the hydroacoustic data provided an estimate 
of the density of fish in the sampled volume over time.  The location of each fish in the 
sampled volume was used to place it in one of the three zones near the turbine (Figure 
8).  Density of fish in a zone (in fish per cubic hectometer, hm3)was calculated for each 
time span of interest (e.g., each ebb and flood tide) by dividing the total number of fish 
detected in the zone by the volume of water to pass through that zone.  This volume 
was calculated by multiplying the area of the zone’s vertical cross-section by the 
approximate linear distance of water to pass through it during the analysis period.  The 
linear distance of water was determined using the mean current speed of each 10-
minute time increment.  Using 10-minute averages greatly reduced the effect of the 
noise in the ADCP current speed data.  In this way, fish counts were normalized for 
varying sampling duration and current speed, allowing the direct comparison of 
densities from different datasets. 
Current speed data were not available for the braked turbine dataset, so current speeds 
from the nearest free-spinning data (April 18-20) were used to obtain an approximation.  
Since free-spinning data were collected at neap tide (first quarter moon) and braked 
data were collected at spring tide (full moon), the mean flood tide current speed was 
multiplied by a factor of 1.2 and the mean ebb tide speed was multiplied by 1.4.  These 
factors were determined using ADCP data collected during spring and neap tides in 
2012.   While this is a coarse approximation, some estimate was needed in order to make 
any comparisons between fish numbers obtained from the free-spinning data to those of 
the braked data.  
3.1.6 Direction of movement 
The direction of movement (heading, degrees from North; inclination, degrees from 
horizontal) of each fish was compared to the current direction at the time of fish 
detection (when data were available).  Higher deviation from the water current 
direction within the turbine zone than in other zones may indicate avoidance behavior 
during approach (flood tides), or milling during departure (ebb tides).  
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3.2  Results 
A total of 68 fish tracks were detected during the March free-spinning period, 87 were 
detected during the April free-spinning period, and 1,827 were detected during the 
April braked period (Figure 11a).  The number of flood and ebb tides sampled was too 
low to carry out statistical analyses of the differences between these sampling periods (5 
tidal cycles in March, 4 in each April dataset).  The large number of fish in the braked 
dataset in April compared to the other two datasets is unlikely related to turbine 
operation.  To investigate this, the number of fish detected during the slack tides were 
also compared across datasets, and showed a similar pattern (Figure 11b).  As the 
turbine was not moving (and therefore assumed not to be a contributing factor) during 
the slack tides in either dataset, this comparison supports a natural increase in fish 
numbers between the free-spinning periods and the braked period.  This would also be 
in line with results from down-looking hydroacoustic surveys (Section 2.2.1), which 
have shown a large increase in fish density between March and May. 
 
    
 (a) (b) 
Figure 11.  (a) Mean fish density (fish/hm3) of each tide of each dataset.  Whiskers are one standard error. 
(b) Number of fish detected during the slack tides in each dataset. 
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3.2.3  Fish density by zone 
The mean density of fish in each sampling zone is shown in Figure 12.    Density 
appears greatest beside the turbine and lowest in the turbine zone, though no tests for 
statistical significance have been carried out due to the low sample sizes (5 tides in 
March, 4 tides in each April dataset).  This is unlikely to be entirely natural or a 
response to the turbine; rather, it is likely largely due to the masking of weaker fish 
echoes within the range of the turbine (see section 3.1.3).  Though fish track filtering 
removed much of this effect, the target strength distributions of accepted fish tracks 
(Figure 10) show that the lower end of the TS spectrum (-50 dB to -41 dB) appear under-
sampled in the turbine range compared to beside the turbine. 
 
In the braked dataset, more fish were detected during the ebb tide than during the flood 
tide.  This could be explained by the natural movements of fish in the area (e.g., an 
outward movement of species at the time of the data collection), or may be related to 
fish sheltering in the lee of the device and its supporting structure. This behavior was 
previously observed within approximately 3 m of a test turbine (Viehman and 
Zydlewski, accepted) but more data are necessary before this behavior can be identified 
in these datasets, especially as the sampling volume of this study is approximately 10 m 
from the device.  The low sample size and the few fish detected to date result in a high 
degree of variability that makes further comparison of fish counts not useful.  
 
 Total = 68 (1.10 fish/hm3) Total = 87 (1.66 fish/hm3) Total = 1,827 (27.09 fish/hm3) 
 N = 5 N = 4 N = 4 
 
Figure 12.  Mean fish density (fish/hm3) in each zone (+/- 1 standard error).   
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3.2.4  Direction of movement 
The distribution of the headings of fish in each sampling zone peaked at the 
predominant current direction, indicating fish moved primarily with the prevailing 
current (Figure 13).  Due to the small sample size, statistical significance was not tested.  
The low number of fish detected in March and April free-spinning periods made 
interpretation of distributions unconstructive.  However, in the braked dataset, enough 
fish were detected to make slight differences in each zone visible.  During the flood tide 
(approach to the device), more fish were swimming in directions other than that of the 
main current.  During the ebb (departure from the device), more fish swam with the 
current.  The greater variation in fish direction during their approach indicates higher 
variability in behavior, though sample sizes were too low to draw any conclusions 
associated with avoidance.  Additionally, some of this variation may be due to variable 
current direction, but this cannot be confirmed without current direction data.   
 
 
Figure 13.  Distribution of fish headings during each dataset (0 = North).  Values are scaled to number of 
fish detected in each zone. 
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The distribution of inclination angles of fish peaked between -10° and 0°, indicating that 
most fish were swimming horizontally or slightly downward (Figure 14).  Again, the 
March and April free-spinning datasets did not yield enough fish to draw conclusions.  
In the braked dataset, variation in inclination angle appeared higher during the flood 
tide than the ebb tide, as indicated by the wider spread of the distribution.  This 
increased variation could be linked to the fewer numbers of fish detected during the 
flood tide.   
 
 
Figure 14.  Distribution of fish inclination during each dataset (-90 = down, 0 = horizontal, 90 = up).  
Values are scaled to number of fish detected in each zone. 
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4.0 Summary 
4.1 Fisheries monitoring (down-looking hydroacoustics) 
Understanding the interactions between the environment and its biological constituents 
in tidally dynamic coastal regions is essential for informing tidal power development. 
Research and monitoring in these areas is limited because of the physical dynamics. 
Recent interest in tidal power extraction in Cobscook Bay provided the opportunity to 
develop an approach to assess such areas. The Bay’s complicated bathymetry combines 
with a large tidal range to create high current speeds and flow patterns that vary greatly 
with location and tide (Brooks 2004, Huijie Xue, unpublished data).  Multiple fish 
species pass through the strong currents of the outer bay to move between deeper ocean 
habitats and the extensive inshore habitats of the inner bays. Given the extreme 
variation in currents over time and space and the mixed seasonal and year-round fish 
community (Appendix 1), hydroacoustic measures of relative fish density were 
expected to vary widely in relation to season and location. Our hydroacoustic 
assessments demonstrate that while fish density is indeed variable, patterns are 
repeatable and will be useful in understanding the effects of devices. 
4.1.1  Overall Fish Density 
1. Inter-annual variability:  was fish density constant across years?  Differences in 
overall annual mean Sv with sites combined was discernible.  The years 2010 and 2012 
had higher fish density than 2011 and 2013.  These differences display natural annual 
variation occurring within the years we have sampled.  This highlights the importance 
of a useful control site in distinguishing changes in density due to turbine deployment 
from natural variation in fish density over time. 
2. Beside vs. in-line with the turbine:  were densities similar at the two project sites 
(CB1a and CB1b)?  Both sites were similar and not statistically significantly different.  
The similarity between data collected at these two sites to date indicates that the inline 
site, CB1b, is representative of fish passage on a large lateral scale in the area of 
deployment.  In addition, their similarity allowed us to combine them for analyses.  It is 
important to note that the similarity between the inline and beside sites do not 
represent similarity of fish behavior in these locations.  The beside site had little 
consistency in geographic location month to month and was often hundreds of meters 
away from the TidGen®, which could have resulted in similar data collected, not truly 
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reflecting fish distribution beside the turbine.  Further data closer to the turbine for the 
“beside” monitoring is necessary. 
3.  Project site vs. control site:  is fish density similar at CB1 and CB2, and is CB2 
therefore a useful control site?  The utility of the control site becomes apparent when 
examining the variation between the experimental site CB1 and the control site CB2 
within each month sampled.  These two sites typically had no significant differences 
with the exception of CB2 having significantly higher mean Sv in September 2010 and 
March and August 2012.  With only these three exceptions to significant differences, we 
feel that the utility of the respective sites is valid.  The difference in September 2010 
could be linked to electrical noise in the hydroacoustic system during that year.  The 
differences in March and August 2012 may be related to construction activities around 
the TidGen®:  in March, the bottom support frame was being installed, and in August, 
the turbine was being deployed. 
4. Seasonal variability:  is there a consistent seasonal pattern to fish density in outer 
Cobscook Bay?  Consistent monthly differences were found for all years, with peaks in 
density in May and June, followed by November.  May of 2012 had much higher mean 
Sv than other years.  This peak may have been related to elevated water temperatures, 
which affect the movements and growth of fish.  For example, midwater trawls carried 
out near CB2 at this time found fully metamorphosed herring, while in other years the 
same trawls found larval herring or none at all (Vieser unpublished data).  This early 
growth of herring would have caused a greater increase in mean Sv than normally seen.  
It is important to be able to distinguish this type of natural variation from turbine 
effects. 
5. Did deployment of the TidGen® affect fish density at the project site (CB1)?  The 
turbine was deployed during the August and September 2012 and March 2013 surveys.  
Only August 2013 had a significantly lower fish density at the project site than the 
control site.  This may have been related to increased boat traffic and construction 
activities at the project site as the device was deployed.  These activities included 
deploying and retrieving ADCPs, divers performing observation or maintenance on the 
device, or deployment and adjustment of the deployment area marker buoys.  At times, 
there was also a large construction barge over the TidGen®.  A similar difference 
between densities at the project and control sites was seen in March 2012, which was 
just after the bottom support frame was installed.  This installation included pile 
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driving, divers, a large barge, and high boat traffic at the project site, all of which may 
have led to fish avoiding the area.  Unfortunately, only three surveys were carried out 
while the turbine was operating.  While there was no difference between project and 
control sites in the September 2012 and March 2013 surveys (carried out post-
deployment and during normal turbine operation), this is not enough information to 
conclude that the turbine had negligible effect on fish density at the site. 
4.1.2  Vertical Distribution 
The vertical distribution of fish was rarely different among sites.  Distributions showed 
that fish density generally increased toward the sea floor regardless of time of year.  
This trend of higher density near the bottom could possibly be related to the decrease in 
current speed in the boundary layer against the sea floor.  Fish may be using this area as 
a refuge from faster current speeds found higher in the water.  There are exceptions to 
this trend of fish density increasing toward the sea floor in May 2011 at CB1, May 2012 
at all sites, and June 2013 at CB2, potentially related to the large numbers of larval and 
juvenile herring utilizing the upper layers of the water column at those times. 
 
4.2 Marine life interaction monitoring (side-looking hydroacoustics) 
The original goal of this monitoring was to collect data continuously during turbine 
operation (while generating power).  A power-generating turbine has a different 
hydraulic and acoustic signature than a turbine that is free-spinning or braked.  As 
such, fish response under these conditions may differ and it is important to collect fish 
response data while the turbine is generating power. 
The dataset analyzed is limited to a few days of free-spinning and braked conditions. It 
is difficult to draw conclusions about fish behavior with so few fish detected during 
each tide, particularly during free-spinning periods.  Down-looking hydroacoustic 
survey results indicate that fish densities are low in March compared to other months 
sampled, which is supported by the low numbers detected during the free-spinning 
periods in March and mid-April.  The braked dataset in late April had many more fish 
than the earlier two datasets, perhaps linked to the springtime peak in density that was 
apparent in down-looking data.  More data should be collected during times of the year 
when fish abundance is higher (e.g., May and June), which would provide datasets with 
higher sample sizes and allow quantitative statistical analyses.  Higher sample sizes and 
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statistical testing would lead to more constructive conclusions about effects of the 
TidGen® on fish behavior.  This was originally planned, and will hopefully occur once 
the turbine has been re-deployed. 
Available data allowed us to identify some key issues that should be addressed in the 
future.   
1. Data should be collected while the turbine is generating power.  
2. Current speed and direction data are necessary for accurate estimation of fish 
density and for analyses of fish movement through the beam.  Without speed 
information, the volume of water sampled over time may be miscalculated.  
In this report, we estimated water speeds based on past data.  This is unlikely 
to be accurate, but in this case even a large miscalculation in current speed 
would not account for the huge increase in fish density between the free-
spinning datasets and the braked dataset. Current direction data is necessary 
for the identification of fish behaviors related to the turbine, as opposed to 
those related to current.  This can be accomplished by adjusting or adding 
sensors on the TidGen® or more regularly deploying an ADCP near the 
TidGen®. 
3. The turbine appears to be masking echoes from smaller fish within its range.   
This renders the TS distributions obtained incomplete, and excludes analyses 
of the behaviors of smaller size classes of fish. This could be solved by 
orienting the hydroacoustic beam further away from the device or focusing 
analyses on larger targets. 
4. When more data are collected, more thorough analyses can be carried out.  
For now, the numbers of fish detected, their estimated densities, and their 
direction of movement are qualitative at best. 
The fish community of Cobscook Bay is also being assessed by UMaine (preliminary 
results from 2013 are included in the Appendix 1).  In the future, results from that study 
will be used to identify probable species represented by hydroacoustic targets.  
However, for now, the masking effect of the turbine on fish must be more carefully 
examined before target strength distributions will be useful. 
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Appendix 1:  Fish Community Assessment in Cobscook Bay, Maine 
 
May and June Preliminary 2013 Report 
University of Maine, School of Marine Sciences 
Gayle Zydlewski, James McCleave, Jeffrey Vieser 
30 August, 2013 
 
Introduction 
The first objective of this project is to use midwater trawling to provide species 
verification to accompany hydroacoustic assessment of pelagic fish abundance in Outer 
Cobscook Bay, near Eastport, Maine.  The hydroacoustic assessment is being conducted 
independently.  The hydroacoustic assessment and midwater trawling are parts of an 
overall project to assess the seasonal, daily, and tidal abundance and distribution of 
pelagic fishes in locations proposed for deployment of electricity generating tidal 
turbines. 
The second objective of this project is to use midwater trawling, benthic trawling, 
intertidal seining, and intertidal fyke netting to characterize the fish community of the 
entire Cobscook Bay.  This study provides a wider ecosystem perspective against which 
to consider deployment of arrays of electricity generating tidal turbines. 
 
Methods 
Midwater and benthic trawling was done with the commercial fishing vessel Pandalus 
(147YV), owned and operated by Stephen W. Brown. The midwater net mouth 
dimensions were: headrope, footrope and breastlines 40 feet.  Mesh sizes were: belly, 
square and side panels 4 inch, tapers 2 inch, and extensions and codend 1 inch.  The 
benthic net mouth dimensions were: headrope 45 feet, footrope 35 feet, no breastlines.  
Stretch mesh sizes were: net body 2 inch, codend 1 inch.  Tows were nominally 20 
minutes, but sometimes varied, especially to shorter times because towable distance 
was too short in inner Cobscook Bay (Figure 1, Tables 1, 2). 
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Two 100 foot x 6 foot seines with 0.25-inch diamond mesh were used to sample shallow 
intertidal habitats including cobble fields, mud flats, rockweed patches, and sea grass 
beds (Figure 1, Table 3).  Two fyke nets with 30 foot wings, 4 foot tall square hoops, and 
1.5-inch stretch mesh were used to sample larger rockweed covered rock piles (Table 4).  
Sampling of intertidal habitats was conducted mostly in daytime, with some night 
sampling. 
Trawling and intertidal sampling were conducted during neap tides primarily in May 
and June 2013.  Twenty midwater tows and 20 benthic tows were made over the two 
months, with eight tows of each type each month being at night in central and outer 
Cobscook Bay (Tables 1, 2).  Seventy-five seine hauls were made over the two months, 
with 25 hauls being at night (Table 3).  Twelve fyke net sets were made, with each set 
being two fyke nets nearby at the same location; six sets were at night (Table 4).  
 
Results 
In May and June, 2013, benthic trawling, pelagic trawling, and intertidal seining were 
quite successful in capturing a variety of fish species; fyke netting was less successful.  
More than 13,800 individual fish of 29 species have been caught (all gears and dates 
combined) (Table 5).1  Atlantic herring (Clupea harengus) dominated the pelagic catch, 
and most were early juveniles.  Winter flounder (Pseudopleuronectes americanus) 
juveniles dominated the catch in benthic trawls.  Species richness was greatest among 
gears in the benthic trawls (20 species caught at least once) (Table 7). 
Threespine stickleback (Gasterosteus aculeatus), mummichog (Fundulus heteroclitus), 
blackspotted stickleback (Gasterosteus wheatlandi), and Atlantic silverside (Menidia 
menidia) dominated the catches in intertidal seine tows, but in somewhat varying 
proportions in the two months of sampling (Table 8).  Only five species represented by 
few individuals were caught in fyke nets (Table 9). 
In both 2011 and 2012, four species comprised about 82% of the total catch.  In 2012, 
these were, in rank order, threespine stickleback, Atlantic herring, Atlantic silverside, 
and winter flounder (Table 5), while in 2011, they were Atlantic herring, threespine 
                                                 
1
 Catch numbers in Tables 5-9 are provisional. 
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stickleback, winter flounder, and rainbow smelt (Osmerus mordax).  In 2013 to date the 
four most common species by abundance, Atlantic herring, winter flounder, threespine 
stickleback, and mummichog comprised more than 92% of the total catch.  These 
numbers are not directly comparable however, as 2013 sampling is incomplete.  
However, in 2011 and 2012, upon completion of June netting, 3,132 and 10,072 
individuals had been sampled, respectively.  Sampling effort was lower in 2011 than 
2012, which explains part of the differences among years. 
Atlantic herring were abundant in both years, but those caught in May and June 2011 
were mostly advanced larvae, while those caught in May and June 2012 were mostly 
juveniles.  This may have been due to the mild winter of 2011-2012 and early warming 
in March 2012.  In 2013 we again observed a return to conditions similar to 2011, where 
herring caught were predominantly advanced larvae. 
One harbor seal entered a fyke net on June 28, 2012, and drowned; the incident was 
reported through the proper channels.  Excluder bars were installed in the mouths of 
the fyke nets before August and September sampling periods following a design 
suggested by NOAA. 
Discussion 
Visual observation, hook and line recreational fishing, acoustic fish finder records, and 
local fishers' knowledge indicates the presence of large numbers of Atlantic herring 
throughout the water column in the study area.  Though we are able to capture a 
limited number of individuals of this species, our gear is not ideal for the collection of a 
sample representing their true abundance.  We also suspect that the ability of highly 
mobile fish to detect the presence of the trawls, through visual and other sensory clues, 
allows them to avoid it in most cases.  When capture of these fishes did occur, it was 
primarily at night, when visual cues are restricted.  Sampling effort at night with both 
midwater and benthic trawls was increased in 2012 and 2013 (n=4 per month) relative to 
2011 (n=2 per month). 
It is expected that larger benthic species, e.g., spiny dogfish (Squalus acanthius), 
succeeded in avoiding capture, though there is less anecdotal evidence to support their 
presence in the bay.  However, three were caught in one benthic trawl in August of 
2012.  A number of other species are probably under sampled as well in various gears, 
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e.g., adult river herring (alewife and blueback herring), skates and flatfish species (other 
than winter flounder). 
 
 
 
 
Figure 1.  Map of Cobscook Bay and Western Passage of Passamaquoddy Bay showing mid-
water and benthic trawl lines (red lines) fished in 2013, as well as regular seine and fyke net 
sampling locations (black dots), and one seining location specifically for sticklebacks (red 
arrow).  Both benthic and pelagic trawls occurred in the same location.  Uppercase letters 
indicate the center of each of the three sub-bays of Cobscook Bay (A = inner; B = central; C = 
outer).  Smaller bays of each sub-bay are also named.  PR is Pennamaquan River. 
East  
Whiting 
Denny’s 
East PR Outer 
South 
A 
B 
C 
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Table 1.  Date and location of pelagic trawl samples in Cobscook Bay during May and 
June, 2013.  Tide is the tidal stage when nets were fished.  GPS Begin and GPS End are 
latitude (N) and longitude (W) where nets were deployed and retrieved, respectively.  
Tow is tow number.  Begin and End are times (EDT) when the trawls were deployed 
and retrieved, respectively.  Night samples are highlighted in gray. 
Month Day Bay GPS Begin GPS End Tide Tow Begin End 
May 6 Outer Bay N44.8914 W67.012 N44.9038 W67.0327 Ebb P801 8:31 8:56 
 6 Outer Bay N44.9041 W67.0321 N44.8881 W66.9997 Ebb P802 9:08 9:35 
 6 Outer Bay N44.8886 W67.0132 N44.9057 W67.0366 Ebb P810 21:40 22:10 
 6 Outer Bay N44.9039 W67.0335 N44.8894 W67.0049 Ebb P811 22:23 22:50 
 7 South Bay N44.8937 W67.0778 N44.8809 W67.0647 Flood P830 8:56 9:17 
 7 East Bay N44.9098 W67.091 N44.9216 W67.1005 High P831 10:15 10:35 
 8 Whiting Bay N44.8682 W67.1454 N44.846 W67.1456 Flood P841 9:55 10:17 
 8 Denny’s Bay N44.8809 W67.1484 N44.8915 W67.1636 Flood P842 11:15 11:35 
 8 East Bay N44.9101 W67.0915 N44.9245 W67.1041 Flood P851 20:27 20:47 
 8 South Bay N44.8933 W67.0797 N44.8809 W67.0663 Flood P852 21:41 22:01 
June 2 Outer Bay N44.8924 W67.0134 N44.9067 W67.0366 Flood P901 6:10 6:30 
 2 Outer Bay N44.9052 W67.0372 N44.8917 W67.0193 Ebb P902 7:07 7:27 
 3 Outer Bay N44.9041 W67.0343 N44.8921 W67.0149 Ebb P911 20:50 21:10 
 3 Outer Bay N44.9005 W67.0271 N44.8815 W67.0037 Ebb P912 21:40 22:00 
 4 East Bay N44.9113 W67.0916 N44.9235 W67.1025 Flood P921 8:30 8:50 
 4 South Bay N44.8835 W67.0666 N44.8978 W67.0791 Ebb P922 10:15 10:35 
 5 Whiting Bay N44.8727 W67.1455 N44.8523 W67.1433 High P931 9:46 10:06 
 5 Denny’s Bay N44.887 W67.1598 N44.8798 W67.1462 Ebb P932 11:27 11:42 
 5 East Bay N44.9088 W67.0908 N44.9221 W67.1013 Flood P941 21:05 21:25 
 5 South Bay N44.883 W67.0679 N44.8945 W67.0814 Ebb P942 22:55 23:15 
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Table 2.  Date and location of benthic trawl samples in Cobscook Bay during May and 
June, 2013.  Tide is the tidal stage when nets were fished.  GPS Begin and GPS End are 
latitude (N) and longitude (W) where nets were deployed and retrieved, respectively.  
Tow is tow number.  Begin and End are times (EDT) when the trawls were deployed 
and retrieved, respectively.  Night samples are highlighted in gray. 
Month Day Bay GPS Begin GPS End Tide Tow Begin End 
May 5 Outer Bay N44.884 W67.007 N44.8674 W66.9936 High B801 7:20 7:42 
 5 Outer Bay N44.8678 W66.9958 N44.8834 W67.0052 Ebb B802 7:53 8:18 
 6 Outer Bay N44.8843 W67.0059 N44.8698 W66.996 Flood B810 20:20 20:45 
 6 Outer Bay N44.8695 W66.9964 N44.8849 W67.0059 High B811 21:00 21:27 
 7 South Bay N44.8817 W67.0667 N44.8937 W67.0679 Flood B830 9:35 9:55 
 7 East Bay N44.9224 W67.1019 N44.91 W67.0903 Ebb B831 10:49 11:10 
 8 Whiting Bay N44.8522 W67.1433 N44.8657 W67.1453 Flood B841 10:35 10:55 
 8 Denny’s Bay N44.8891 W67.1633 N44.8813 W67.1489 High B842 11:50 12:07 
 8 East Bay N44.9228 W67.1026 N44.9112 W67.0921 Flood B851 21:01 21:21 
 8 South Bay N44.8806 W67.0657 N44.8918 W67.0772 Flood B852 22:15 22:35 
June 2 Outer Bay N44.8811 W67.0047 N44.8672 W66.9912 Ebb B901 9:38 9:58 
 2 Outer Bay N44.8684 W66.9946 N44.8821 W67.0042 Ebb B902 10:10 10:30 
 3 Outer Bay N44.882 W67.0045 N44.868 W66.9929 Ebb B911 22:16 22:36 
 3 Outer Bay N44.8696 W66.9958 N44.8825 W67.0042 Ebb B912 22:55 23:15 
 4 East Bay N44.9226 W67.1021 N44.9096 W67.0906 Ebb B921 9:05 9:25 
 4 South Bay N44.8944 W67.0793 N44.8825 W67.0664 Ebb B922 9:40 10:00 
 5 Whiting Bay N44.8525 W67.1431 N44.8673 W67.1439 Ebb B931 10:19 10:39 
 5 Denny’s Bay N44.8804 W67.147 N44.8884 W67.1605 Ebb B932 10:53 11:13 
 5 East Bay N44.9217 W67.1014 N44.9099 W67.0911 High B941 21:40 22:00 
 5 South Bay N44.8938 W67.0794 N44.8828 W67.0669 Ebb B942 22:16 22:36 
 
  
36 
 
 
Table 3.  Date and location of intertidal seine samples in Cobscook Bay during May and 
June, 2013.  Tide is the tidal stage when nets were fished.  Tow is tow number.  Time is 
the time when each tow (EDT) began; each tow takes <10 minutes.  Night samples are 
highlighted in gray. 
Month Day Location GPS Tide Habitat Tow Time 
May 4 Denny's Bay N44.9065 W67.1557 Ebb Rockweed S800 21:30 
 4 Denny's Bay N44.9065 W67.1557 Ebb Cobble S801 21:45 
 4 Denny's Bay N44.9065 W67.1557 Ebb Grass S802 22:00 
 4 Denny's Bay N44.9065 W67.1557 Ebb Mudflat S803 23:22 
 5 Denny's Bay N44.9065 W67.1557 Ebb Cobble S810 9:57 
 5 Denny's Bay N44.9065 W67.1557 Ebb Cobble S811 10:06 
 5 Denny's Bay N44.9065 W67.1557 Ebb Grass S812 10:23 
 5 Denny's Bay N44.9065 W67.1557 Ebb Mudflat S813 11:33 
 5 East Bay N44.9406 W67.1245 Ebb Grass S820 21:05 
 5 East Bay N44.9406 W67.1245 Ebb Cobble S821 21:20 
 5 East Bay N44.9406 W67.1245 Ebb Cobble S822 21:55 
 5 East Bay N44.9406 W67.1245 Ebb Grass S823 22:10 
 5 East Bay N44.9406 W67.1245 Ebb Rockweed S824 23:00 
 6 East Bay N44.9406 W67.1245 Ebb Grass S830 9:50 
 6 East Bay N44.9406 W67.1245 Ebb Cobble S831 10:00 
 6 East Bay N44.9406 W67.1245 Ebb Rockweed S832 10:29 
 6 East Bay N44.9406 W67.1245 Ebb Cobble S833 10:29 
 6 Outer Bay N44.9239 W67.0157 Ebb Grass S840 23:02 
 6 Outer Bay N44.9239 W67.0157 Ebb Mudflat S841 23:30 
 6 Outer Bay N44.9239 W67.0157 Ebb Mudflat S842 23:41 
 7 Pennamaquan River N44.9332 W67.138 Ebb Cobble S851 10:45 
 7 Pennamaquan River N44.9332 W67.138 Ebb Cobble S852 10:55 
 7 Pennamaquan River N44.9332 W67.138 Ebb Grass S853 11:21 
 7 Pennamaquan River N44.9332 W67.138 Ebb Grass S854 11:31 
 7 Pennamaquan River N44.9332 W67.138 Ebb Rockweed S855 12:12 
 7 Pennamaquan River N44.9332 W67.138 Ebb Rockweed S856 12:25 
 7 Outer Bay N44.9239 W67.0157 Ebb Grass S861 10:58 
 7 Outer Bay N44.9239 W67.0157 Ebb Mudflat S862 11:50 
 7 Outer Bay N44.9239 W67.0157 Ebb Mudflat S863 12:05 
 8 South Bay N44.8357 W67.0482 Ebb Cobble S880 12:17 
 8 South Bay N44.8357 W67.0482 Ebb Grass S881 12:31 
 8 South Bay N44.8357 W67.0482 Ebb Rockweed S882 13:02 
 9 Whiting Bay N44.5041 W67.9423 Ebb Rockweed S891 14:10 
 9 Whiting Bay N44.5041 W67.9423 Ebb Rockweed S892 14:40 
 9 Whiting Bay N44.5041 W67.9423 Ebb Mudflat S893 15:39 
 9 Whiting Bay N44.5041 W67.9423 Ebb Mudflat S894 15:52 
June 1 Denny's Bay N44.9065 W67.1557 Ebb Rockweed S900 20:20 
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Month Day Location GPS Tide Habitat Tow Time 
 1 Denny's Bay N44.9065 W67.1557 Ebb Cobble S901 20:30 
 1 Denny's Bay N44.9065 W67.1557 Ebb Grass S902 20:55 
 1 Denny's Bay N44.9065 W67.1557 Ebb Grass S903 21:48 
 2 Denny's Bay N44.9065 W67.1557 Ebb Rockweed S910 8:50 
 2 Denny's Bay N44.9065 W67.1557 Ebb Cobble S911 9:01 
 2 Denny's Bay N44.9065 W67.1557 Ebb Grass S912 9:13 
 2 Denny's Bay N44.9065 W67.1557 Ebb Mudflat S913 10:08 
 2 Outer Bay N44.9239 W67.0157 Ebb Grass S920 21:08 
 2 Outer Bay N44.9239 W67.0157 Ebb Grass S921 21:15 
 2 Outer Bay N44.9239 W67.0157 Ebb Mudflat S922 21:47 
 3 Outer Bay N44.9239 W67.0157 Ebb Grass S931 9:25 
 3 Outer Bay N44.9239 W67.0157 Ebb Mudflat S932 9:48 
 3 Outer Bay N44.9239 W67.0157 Ebb Mudflat S933 10:05 
 3 East Bay N44.9406 W67.1245 Ebb Grass S940 20:41 
 3 East Bay N44.9406 W67.1245 Ebb Cobble S941 20:53 
 3 East Bay N44.9406 W67.1245 Ebb Grass S942 21:35 
 3 East Bay N44.9406 W67.1245 Ebb Cobble S943 21:46 
 3 East Bay N44.9406 W67.1245 Ebb Rockweed S944 22:35 
 3 East Bay N44.9406 W67.1245 Ebb Rockweed S945 22:48 
 4 East Bay N44.9406 W67.1245 Ebb Grass S950 9:14 
 4 East Bay N44.9406 W67.1245 Ebb Cobble S951 9:23 
 4 East Bay N44.9406 W67.1245 Ebb Grass S952 10:00 
 4 East Bay N44.9406 W67.1245 Ebb Cobble S953 10:08 
 4 East Bay N44.9406 W67.1245 Ebb Rockweed S954 10:44 
 4 East Bay N44.9406 W67.1245 Ebb Rockweed S955 11:04 
 4 Pennamaquan River N44.9332 W67.138 Ebb Cobble S960 9:25 
 4 Pennamaquan River N44.9332 W67.138 Ebb Cobble S961 9:32 
 4 Pennamaquan River N44.9332 W67.138 Ebb Grass S962 9:47 
 4 Pennamaquan River N44.9332 W67.138 Ebb Grass S963 10:02 
 4 Pennamaquan River N44.9332 W67.138 Ebb Rockweed S964 10:45 
 4 Pennamaquan River N44.9332 W67.138 Ebb Rockweed S965 10:54 
 5 South Bay N44.8357 W67.0482 Ebb Cobble S971 10:50 
 5 South Bay N44.8357 W67.0482 Ebb Grass S972 11:00 
 5 South Bay N44.8357 W67.0482 Ebb Rockweed S973 11:30 
 6 Whiting Bay N44.5041 W67.9423 Ebb Rockweed S981 13:05 
 6 Whiting Bay N44.5041 W67.9423 Ebb Rockweed S982 13:51 
 6 Whiting Bay N44.5041 W67.9423 Ebb Mudflat S983 14:15 
 6 Whiting Bay N44.5041 W67.9423 Ebb Mudflat S984 14:37 
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Table 4.  Date and location of intertidal fyke net samples in Cobscook Bay during May 
and June, 2013.  Fyke is fyke set number; each set is composed of two fyke nets.  Begin 
and End are the approximate times (EDT) when each set began and ended.  Each fyke 
net was assumed to begin effective fishing at the time of high tide and to end effective 
fishing when the water level was low in the net.  Samples partially or completely at 
night are highlighted in gray.  CB is Cobscook Bay.  
 
Month Day Location GPS Fyke Begin End 
May 4 Denny’s Bay N44.9065 W67.1557 F800 20:00 23:59 
 5 Denny’s Bay N44.9065 W67.1557 F810 9:02 11:53 
 5 East Bay N44.9406 W67.1245 F820 20:42 23:30 
 6 East Bay N44.9406 W67.1245 F830 9:30 11:43 
 6 Outer Bay N44.9239 W67.0157 F840 21:20 0:00 
 7 Outer Bay N44.9239 W67.0157 F850 9:47 13:20 
June 1 Denny’s Bay N44.9065 W67.1557 F900 19:15 22:15 
 2 Denny’s Bay N44.9065 W67.1557 F901 7:45 10:45 
 2 Outer Bay N44.9239 W67.0157 F903 19:02 22:30 
 3 Outer Bay N44.9239 W67.0157 F904 7:31 11:00 
 3 East Bay N44.9406 W67.1245 F905 20:30 23:00 
 4 East Bay N44.9406 W67.1245 F910 9:00 11:30 
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Table 5.  Capture data, by month, all gear types combined, for sampling in Cobscook Bay in 
2013.  (*) The totals for 2011 and 2012 represent the catches for May and June only. 
Month May June Total 2011 
Total* 
2012 
Total* Species Number of Individuals 
Atlantic herring, Clupea harengus 55 >6,153 >6,208 1,442 3,849 
Winter flounder, Pleuronectes americanus 2,433 1,600 4,033 407 2,011 
Threespine stickleback, Gasterosteus aculeatus 112 1,848 1,960 687 1,798 
Mummichog, Fundulus heteroclitus 133 389 522 54 383 
Longhorn sculpin, Myoxocephalus octodecemspinosus 140 123 263 40 173 
Black spotted stickleback, Gasterosteus wheatlandi 62 148 210 152 458 
Grubby, Myoxocephalus aenaeus 138 66 204 57 100 
Atlantic silverside, Menidia menidia 79 26 105 13 122 
Red hake, Urophycis chuss 23 52 75 2 13 
Rainbow smelt, Osmerus mordax 9 58 67 252 149 
Silver hake, Merluccius bilinearis 5 59 64 8 248 
Atlantic tomcod, Microgadus tomcod 3 26 29 17 18 
Windowpane, Scophthalmus aquosus 13 9 22 0 1 
Snakeblenny, Lumpenus lampretaeformis 5 0 5 4 21 
Alewife, Alosa pseudoharengus 5 0 5 1 734 
Shorthorn sculpin, Myoxocephalus scorpius 0 4 4 9 3 
Sea raven, Hemitripterus americanus 0 3 3 13 14 
Atlantic snailfish, Liparis atlanticus 2 1 3 0 0 
Radiated shanny, Ulvaria subbifurcata 2 1 3 1 1 
Fourspine stickleback, Apeltes quadracus 2 0 2 1 0 
Atlantic cod, Gadus morhua 2 0 2 13 11 
American plaice, Hippoglossoides platessoides 1 1 2 0 0 
Atlantic pollock, Pollachius virens 0 2 2 10 0 
Winter skate, Raja ocellatus 1 1 2 2 2 
Moustache sculpin, Triglops murrayi 0 2 2 0 0 
Ocean pout, Zoraces americanus 0 2 2 0 0 
Blueback herring, Alosa aestivalis 2 0 2 1 2 
Cusk, Brosme brosme 1 0 1 0 0 
Lumpfish, Cyclopterus lumpus 0 1 1 2 1 
White hake, Urophycis tenuis 0 0 0 2 5 
Rock gunnel, Pholis gunnellus 0 0 0 1 1 
Ninespine stickleback, Pungitius pungitius 0 0 0 1 0 
American sand lance, Ammodytes americanus 0 0 0 1 0 
Atlantic halibut, Hippoglossus hippoglossus 0 0 0 0 7 
Butterfish, Peprilus triacanthius 0 0 0 0 2 
Smooth skate, Malacoraja senta 0 0 0 0 2 
Little skate, Raja erinacea 0 0 0 0 1 
Goosefish, Lophius americanus 0 0 0 0 1 
Fourbeard rockling, Enchelyopus cimbrius 0 0 0 0 1 
Total 3228 >10,575 >13,803 3,192 10,132 
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Table 6.  Numbers of individuals caught by month in pelagic trawling in Cobscook Bay, 
2013. 
Species May June Total 
Atlantic herring 50 >6,150 >6,200 
Threespine stickleback 6 46 52 
Silver hake 0 4 4 
Atlantic snailfish 1 1 2 
Blackspotted stickleback 1 0 1 
Windowpane flounder 1 0 1 
Winter flounder 1 0 1 
Lumpfish 0 1 1 
Shorthorn sculpin 0 1 1 
Total 60 >6,203 >6,263 
 
Table 7.  Numbers of individuals caught by month in benthic trawling in Cobscook 
Bay, 2013. 
Species May June Total 
Winter flounder 2,442 1,600 4,042 
Longhorn sculpin 140 123 263 
Grubby 138 66 204 
Red hake 23 52 75 
Silver hake 5 55 60 
Windowpane flounder 12 9 21 
Rainbow smelt 7 5 12 
Atlantic herring 2 3 5 
Snakeblenny 5 0 5 
Alewife 4 0 4 
Radiated shanny 2 1 3 
Sea raven 0 3 3 
Shorthorn sculpin 0 3 3 
Atlantic cod 2 0 2 
American plaice 1 1 2 
Winter skate 1 1 2 
Moustache sculpin 0 2 2 
Ocean pout 0 2 2 
Cusk 1 0 1 
Atlantic snailfish 1 0 1 
Total 2,786 1,926 4,712 
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Table 8.  Numbers of individuals caught by month in intertidal seining in Cobscook 
Bay, 2013. 
Species May June Total 
Threespine stickleback 106 1,802 1,908 
Mummichog 133 389 522 
Blackspotted stickleback 61 148 209 
Atlantic silverside 79 26 105 
Rainbow smelt 2 50 52 
Atlantic tomcod 1 22 23 
Fourspine stickleback 2 0 2 
Atlantic pollock 0 2 2 
Total 384 2,439 2,823 
 
 
 
Table 9.  Numbers of individuals caught by month in fyke netting in Cobscook Bay, 
2013. 
Species May June Total 
Atlantic tomcod 2 4 6 
Rainbow smelt 0 3 3 
Atlantic herring 0 3 3 
Blueback herring 2 0 2 
Alewife 1 0 1 
Total 5 10 15 
 
